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APPROVED THESIS 
rvin H. Ireeson · 
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The geologic setting of the Portland Basin is ideal 
for gravity surveys because of the large density contrasts 
between geologic units. The Portland Basin consists of a 
north-northwest-trending syncline in the Columbia River 
basalt overlain by Pliocene to Recent alluviu.~. This study 
was undertaken to define structures in the Portland Basin 
which are obscured by the alluvium. 
An areal gravity survey of the Portland Basin 
covering approximately 450 square kilometers was conducted 
for this study. Gravity values at approximately 350 
locations in the study area were measured by the author 
and an additional 400 previously measured stations were 
included in the analysis. The data were reduced by 
computer methods to complete Bouguer gravity values which 
were contoured at a one milligal interval. The resulting 
Complete Bouguer Gravity Anomaly Map of the Portland 
Basin is generally consistent with the Complete Bouguer 
Gravity Anomaly Map of Oregon by Berg and Thiruvathukal 
(1967) . The primary features shown on the map are a 
gravity high, which extends throughout the western half 
of the study area, and decreasing gravity values in the 
eastern half of the study area, reflecting the thickening 
crust at depth. In the southwest corner of the study 
area, the gravity high branches into north-trending and 
northwest-trending noses, which are separated by a 
northwest-trending linear feature which coincides with. 
the Portland Hills Fault trend. 
Four east-west-trending lines were modeled by 
computer methods. All models show a broad bottomed 
syncline beneath the Portland Basin with or without 
graben-like faulting. With the exception of the Portland 
Hills Fault trend, the faults do not appear to define 
any continuous trends. One model shows a vertical offset 
along the Portland Hills Fault of 120 meters. No 
structural features in the Columbia River basalt 
coinciding with the Boring Lava vent locations were 
delineated. 
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An.abrupt lateral contact between Eocene through 
Oligocene sedimentary rocks and contemporaneous volcanic 
rocks is indicated by deep wells in the Portland area. 
This contact, referred to as the "sediment-volcanic 
interface" in this study, is reflected in the gravity 
values and is located on each model. These locations 
form a north-northwest trend south of the northernmos-t 
model, the Columbia Boulevard model. The interface is 
located east of this trend on the Columbia Boulevard 
model, and this displacement may represent 20 to 50 km 
of right-lateral movement on the Portland Hills Fault if 
it was part of a continuous structure with the other 
locations. 
The gravity high in the western half of the study 
area was modeled with an intrusion, having a density of 
3.0 gm/cm3. The modeled in~rusion is sill-shaped and 
increases in thickness to the south. It is spatially 
related to both the Skamania Volcanics and the Boring 
Lavas and consequently could be genetically related to 
either volcanic episode. 
3 
AN ANALYSIS OF GR~VITY SURVEYS IN THE 
PORTLAND BASIN, OREGON 
by 
JANICE C. PERTTU 
A thesis submitted in partial fulfillment of the 
requirements for the degree of 
MASTER OF SCIENCE 
in 
GEOLOGY 
Portland State University 
1981 
TO THE OFFICE OF GRADUATE STUDIES AND RESEARCH: 
The members of the Committee approve the thesis of 
Janice c. October 
Gi ert T. Benson 
Michael L. Cummings 
Department of Earth Science 
Stan of Graduate-stuclies and Research 
ACKNOWLEDGEMENTS 
I would like to thank my advisor, Dr. Ansel G. 
Johnson, for his assistance throughout the duration of 
this study. I am also grateful to the members of my 
thesis conunittee, my husband, Rauno, and all others who 
critically reviewed this text, and to Drs. R. Couch and 
Z.F. Danes for the loan of their gravimeters. 
ACKNOWLEDGEMENTS . 
LIST OF TABLES . . 
TABLE OF CONTENTS 
LIST OF FIGURES . . . . . . . . . . . 
LIST OF PLATES . 
. . . . 
INTRODUCTION . . . . . . . . . 
Purpose of Study . . . . . . . . . . 
Location and Extent of Gravity Surveys 
Previous Work 
GEOLOGY . . . . . . . . . . . 
Stratigraphy 
Structure and Tectonics 
GRAVITY 
Introduction . 
Objectives . . 
. . . . . ~ . 
Gravity Survey . . 
Data Reduction 
Data Compilation . • . • . 
Modeling . . . . . . . . 
Previous Models 
. . . . . . . . . 
. . . 
. . . . . 
Areal Compilation of Gravity Models 
PAGE 
iii 
vi 
vii 
ix 
1 
1 
1 
2 
5 
5 
14 
19 
19 
19 
25 
27 
28 
33 
57 
61 
PAGE 
Geologic Implications of the Gravity Models . . 69 
Regional Implications . • . 
CONCLUSIONS . . . 
REFERENCES CITED 
APPENDIX • . . • • 
83 
84 
87 
93 
v 
TABLE 
I 
II 
LIST OF TABLES 
Stratigraphic Units Used in Models ...•• 
Gravity Data • . . . . •••.••..• 
PAGE 
34 
9-3 
FIGURE 
1. 
2. 
3. 
LIST OF FIGURES 
Location map 
Geologic map of Portland and vicinity, from 
Wells and Peck (1961} and Huntting and 
others (1961) .••.•••.•..••• 
Tualatin Basin-Portland Bas·in subsurface 
cross-section, from Newton (1999} • 
4. Preliminary tectonic map of the greater 
Portland area, from Benson and Donovan 
(19 7 4) . • • . . . . 
5. C~mplete Bouguer gravity anomaly map of 
Portland and vicinity, from Berg and 
Thiruvathukal (1967} and Bonini, Hughes, 
PAGE 
3 
6 
7 
22 
and Danes (1974) . . . . . • . . • • 24 
6. Comparison of the Complete Bouguer Gravity 
Anomaly Map of Oregon (Berg and Thiru-
va thukal, 1967) and the Complete Bouguer 
Gravity Anomaly Map of the Portland 
Basin . 
7. Columbia Boulevard 1 gravity model 
8. Columbia Boulevard 2 gravity model 
9~ Stark Street 1 gravity model ... 
31 
37 
38 
42 
FIGURE 
10. 
11. 
12. 
13. 
Stark Street 2 gravity model . . 
Stark Street 3 gravity model .. 
Holgate Boulevard 1 gravity model 
Holgate Boulevard 2 gravity model 
14. Clackamas Highway gravity model 
15. Kings Heights-Albina Line gravity model 
16. Sellwood Line gravity model 
17. 
18. 
Oak Grove Line gravity model . 
Gravity model compilation 
19. Mt. Scott topography and density profile. 
.. .. .. . I 3 Densities in gm cm . . •...... 
20. Spatial relationship between the modeled 
viii 
PAGE 
43 
44 
50 
51 
54 
59 
6"0 
62 
64 
70 
intrusion and Boring Lava occurrences . . 75 
21. Schematic illustration of right-lateral off-
set on the Portland Hills Fault • . . . . 79 
PLATE 
1. 
LIST OF PLATES 
Complete· Bouguer Gravity Anomaly Map of 
PAGE 
the Portland Basin . • • . . . . . • . . packet 
2. Residual Complete Bouguer Gravity Anomaly 
Map of the Portland Basin • . • • . . • pocket 
INTRODUCTION 
PURPOSE OF STUDY 
The Portland Basin is a structural basin formed by 
downwarping of the Columbia River basalt. Pliocene to 
Recent alluvial materials filled the basin, obscuring the 
bedrock and any structures within the Columbia River 
basalt. Consequently many prior investigations in the 
Portland Basin concentrated on topics having more 
accessible geologic data, while giving only a cursory 
examination to the structural geology. Lack of outcrops, 
dense urbanization, and large density contrast between 
the Columbia River basalt and overlying alluvium make 
gravity surveys the most economical and practical method 
for increasing our knowledge of the structural geology in 
the Portland Basin. 
LOCATION AND EXTENT OF GRAVITY SURVEYS 
The study area is located at the northern end of the 
Willamette Valley in northwest Oregon. It incl-udes the 
municipalities of Fairview, Wood Village, Troutdale, 
Gresham, Boring, Damascus, Clackamas, Gladstone, and 
Milwaukie, as well as the eastern portion of Portland. 
The study area covers about 450 square ~ilometers and 
is bounded on the west by the Willamette River, on the 
north by the Columbia River, on the east by the Sandy 
River and the eastern boundary of R. 3 E., W.M., and on 
t.he south by the Clackamas River as s-f1.own in Figure 1. 
The Tualatin Mountains (Portland Hills} trend northwest 
and lie west of the l'lillamette River, separating the 
Tualatin Valley and the Portland Basin. The foothills 
of the Cascades rise gently to the east of the study 
area. 
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Some gravity stations located west of the Willamette 
River and south of the Clackamas River are included for 
completeness. 
Nearly all of the area is developed into business 
or residential areas. 
PREVIOUS NORK 
The geology of the Portland area was described by 
Treasher (19421 and Trimble (1963}. Hammond and others 
tl9.74) investigated surficial features and the seismic 
history of the Portland area. In 1~76, Beeson and others 
studied the stratigraphy, structure, and distribution of 
the Columbia River bas-alt in the Portland area with_ 
emphasis on the Portland Hills west of the study area, 
and Burch tin progress) analyzed the trace element 
geochemistry of the Boring Lavas in the Portland 
metropolitan area. 
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Fiqure 1. Location map. 
General geologic investigations of broader scope, 
but including the study area include Diller (1896) , 
Snavely and Wagner (1963), and Newton (1969). Ground 
water reports by Piper (1942), Griffin, Watkins and 
Swenson (1956), and Hogenson and Foxworthy (1965) 
include the study area. 
The "Complete Bouguer Gravity Anomaly Map of 
4 
Oregon" prepared by Berg and Thiruvathukal (1967} , the 
analysis of these data in Thiruvathukal and others (1970) , 
and the "Complete Bouguer Gravity Anomaly Map of 
Washington" by Bonini, Hughes, and Danes (1974} provided 
a regional framework of gravity data for this study. 
A regional gravity and aeromagnetic analysis by Bromery 
and Snavely (1964) covers northwestern Oregon west of 
the study area. Previous local gravity surveys incor-
porated in this study were conducted by Schmela (1971) , 
Cash (unpublished, 1973} , Johnson and others (1976) , 
and Jones (1977) • Gravity trends from data collected by 
the author in 1974 are shown on the "Preliminary Tectonic 
Map of the Greater Portland Area" (Benson and Donovan, 
1974). 
GEOLOGY 
STRATIGRAPHY 
Introduction 
Figure 2 is a generalized geologic map of the study 
area and adjacent areas. The oldest unit exposed in the 
study area is the Columbia River Basalt Group of middle 
to late Miocene age. Pliocene to Recent sedimentary units 
overlying the Columbia River basalt are not differen-
tiated. Realistic gravity modeling requires the inclusion 
of units which occur at depth and in adjacent areas. 
Two <leep wells west of the study area, the Richfield Oil 
Barber well (Barber well} and the Texaco Inc. Cooper 
Mountain well (Cooper Mountain well) , provide valuable 
information on the underlying formations, and outcrops 
in the Portland Hills show structures adjacent to the 
study area. Figure 3 is ageologic cross-section through 
the study area from Newton (1969) based on information 
from these wells and shallower wells in the study area. 
In the remainder of the text, the vertical locations of 
all stratigraphic horizons are described as elevations 
above or below mean sea level rather than as depths below 
the ground surface. 
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Figure 2. Geologic map of Portland and vicinity, 
from Weils and Peck (1961) and Huntting and others 
(1961). Abbreviations: BW = Barber well;· CW = Cooper 
Mountain well; FW=Fairview well; GW=Gladstone well; 
HB=Highland Butte; KB=Xelly Butte; LW=Ladd well; 
MS=Mt. Scott; MT=Mt. Tabor; OH=Oatfield Hill; PHF= 
Portland Hills Fault; RB=Rocky Butte; SW=Shiiki well; 
UW=Union H.S. well; WH=Walters Hill; YBL=Yamhill-
Bonneville Lineament. 
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Siletz River Volcanic Series 
The Siletz River Volcanic Series is the oldest 
unit exposed in northwest Oregon and encountered in wells 
in the Portland area. Originally described by Snavely 
and Baldwin (1948), this series consists of early to 
middle Eocene pillow lava and basaltic fragmental debris 
with intercalated volcaniclastic and marine sedimentary 
rocks (Snavely and Wagner, 1964) which crop out in the 
central Coast Range and along the western margin of the 
Willamette Valley (Beaulieu, 1971) . Snavely and others 
(1968) analyzed the chemistry of the Siletz River Volcanic 
Series and divided it into a lower, more primitive unit 
of ocean ridge tholeiites, overlain by an upper unit, 
consisting of predominantly alkalic tholeiites following 
a Hawaiian trend of chemical variation. Units described 
and referred to as the Tillamook Volcanic Series by 
Warren, Norbisrath, and Grivetti (19451 are included in 
the Siletz River Volcanic Series in this study. 
The Cooper Mountain well intercepts the top of the 
Siletz River Volcanic Series at about -2800 meters (m) 
(-9200 feet (ft)) as shown in Figure 3. The location of 
the unit in the Barber well is not well defined, because 
it is overlain in this area by Skamania Volcanics which 
are difficult to distinguish from the Siletz River 
Volcanics on the basis of the well log data. 
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Eocene Sedimentary Rocks 
The Yamhill-Tyee equivalents and the Cowlitz-Nestucca 
Formation shown on Figure 3 are combined in the gravity 
modeling because of their similar densities and are 
referred to as "Eocene Sedimentary Rocks". Marine 
siltstones and shales with minor sandstones and basalt 
flows of probable middle Eocene age unconformably overlie 
the Siletz River Volcanic Series (Snavely and Wagner, 1963; 
Newton, 1969). These sediments may be equivalent to the 
Yamhill Formation described by Baldwin and others (1955) , 
or to the Tyee Formation described oy Diller (1898), 
Newton Cl969_)_, and Snavely and Wagner (1963}. These rocks 
are at least 1000 m (3300 ftl thick in the Cooper Mountain 
well, but are absent in the Barber well, as shown in 
Figure 3, indicating rapid thinning to the east. 
Thin-bedded tuf faceous siltstones and massive 
sandstones, referred to locally, as the Cowlitz-Nestucca 
Formation, overlie the Yamhill-Tyee equivalents (Newton, 
19691. This de$ignation is applied to these units 
because of lithologic and stratigraphic similarities to 
the Cowlitz and Nestucca Formations which are exposed 
north and west of the study area (Weaver, 1912; Snavely 
and Vokes, 1949; Newton, 19691. The Cowlitz~Nestucca 
section'in the Cooper Mountain well shows, a large pro-
portion of volcanic breccias and agglomerates, probably 
oecause of the close poroximity of centers of 
contemporaneous volcanism to the east. 
The Cowlitz-Nestucca rocks occur in both deep 
wells, but thin rapidly eastward from about 660 m 
(2160 ft1 in the Cooper Mountain well to about 170 m 
(550 ft) in the Barber well. 
Skamania Volcanic Series 
Altered basalt, basal tic andes,i te, and pyroclastic 
rocks of the Skamania Volcanic Series (Felts, 1939_a and 
1939bl are exposed both north and south of the study 
area (Trimble, 1963). The area of outcrop south of the 
study area is located along the Willamette River south 
of the Gladstone well (GW1, but is- too small to appear 
on Figure 2. Trimble (19631 suggested a late Eocene to 
early Miocene age for this series and divides it into 
10 
a lower, altered and deformed unit and an upper, unaltered 
and undeformed unit. The Goble Volcanics (Warren, 
Norbisrath, and Grivetti, 1945}, consisting of porphyritic 
basalt flows, breccias, and pyroclastic rocks, outcrop 
northwest of the study area along the Columbia River and 
interfinger with the Cowlitz-Nestucca Formation (Snavely 
and Wagner, 1964). Trimnle (1963) suggested that the 
Goble Volcanics may be correlative with the lower unit of 
the Skamania Volcanics~ Beck and Burr (1979I included 
rocks north of the Columbia River which were mapped as 
Skamania Volcanic Series oy Trimnle (19_631 in the Goole 
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Volcanic Series; and Newton (1969} refers to the volcanic 
sequence intercepted in the Barber well as Goble Volcanics. 
On the other hand, Hammond (personal communication, 1980} 
believes that the Skamania Volcanic Series may be more 
closely related to the middle and upper portions of the 
Ohanapecosh Formation which occurs east of the study area. 
In this study, any late Eocene to early Miocene volcanic 
rocks will be referred to as part of the Skamania Volcanic 
Series. 
Late Eocene to Oligocene Sedimentary Rocks 
During latest Eocene and Oligocene time, tuffaceous 
marine shales, sandstones, and conglomerates were 
deposited in the Portland area (Trimble, 1963; Snavely and 
Wagner, 1963; Newton, 1969l. The Skamania Volcanic Series 
may have been the source of the tuffaceous material 
C..Trimble, 1963}. These rocks may be equivalent to the 
Spencer Formation (Turner, 19381_, the Pittsourg Bluff 
Formation (Schenck, 1927}, and the Scappoose Formation 
CW-arren and Norbisrath, 1946} , all of which crop out along 
the western margin of the Tualatin Valley, but have not 
been differentiated on the basis of the well log data. 
The well log data indicate that these deposits occur 
f artPter east in the Portland area than the Cow1itz-
Nestucca deposits (Figure 31 and Snavely and r~ragner (19631 
place tPte eastern :boundary of marine deposition during 
Oligocene time at approximately the foothills of the 
Cascades. These sedimentary rocks are intercepted in 
both the Cooper Mountain and Barner wells and maintain a 
thickness of about 600 m (2000 ft} in each. Also inter-
preted as part of this unit are 40 m (125 ft) of 
material listed as blue clay, tuffaceous sandstone and 
broken rock in the Fairview well. 
Columbia River Basalt Grouo 
The late Eocene to Oligocene sedimentary rocks 
are unconformably overlain by flows of the Columbia 
River Basalt Group. The Columbia River basalt is the 
oldest unit exposed in the study area. It crops out 
only in the extreme southwest corner of the study area, 
but is widely exposed in the Portland Hills immediately 
to the west of the study area.. East of the area, a 
small exposure occurs along the Sandy River, with 
extensive exposures farther east in the Columbia River 
Gorge and in the Bull Run watershed. 
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The Columbia River basalt (Russel, 1893l is dark-
gray, dense, and finely crystalline, showing pre-
dominantly columnar and blocky jointing. Of the over 20 
flows· identified in the Portland area by Beeson and 
others (19761, 18 are correlated with flows of the Yakima 
Basalt Subgroup in eastern Oregon and Washington (Beeson, 
Bentley, and Moran, 19761.. Flow- groups identified in 
the Portland area which also occur in the Columbia 
Plateau are the Grande Ronde Basalt and the Wanapun 
Basalt. The total thickness of the Colum0ia River 
basalt in the Portland area varies from about 330 m 
(1000 ft} in the Cooper Mountain well to about 180 m 
(580 ft) in the Fairview and Gladstone wells (Figures 
2 and 3). 
Post Columbia River Basalt Sedimentary Rocks 
13 
Warping of the Columbia River basalt formed basins 
which are filled with Pliocene fluvial and lacustrine 
sediments. In the study area, the Columbia River basalt 
is overlain by the Sandy River mudstone, which is exposed 
in the Sandy River and the Clackamas River and their 
tributaries lTrimble, 1963}. This unit consists predomi-
nantly of oeds of siltstone or fine sandstone. Overl¥ing 
the Sandy River mudstone is. a sequence of well indurated 
fluvial sandstones and conglomerates known as th.e Trout-
dale Formation (Hodge, 1933}. The Troutdale Formation 
is also exposed in the Sandy and Clackamas River valleys 
and crops· out on many topographic highs, crrim.ole, 19.631 
such as Mt. Scott and Mt. Tanor, located on Figure 2. 
During Pleistocene time, mudflows and gravels 
f i.lled in existing topographic lows and later lacustri·ne 
deposits blanketed most of the Portland Basin (Trimble, 1963). 
Recent alluvium covers the flood plains of the Columbia and 
Willamette Rivers and tneir tributaries up to an elevation 
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of about 15 m (50 ft). All post-Columbia River basalt 
sedimentary rocks are grouped as a single unit for 
gravity modeling purposes. R.O. Van Atta (personal com-
munication to A. Johnson, 19751 indicated that the 
equivalent sediments in the Tualatin Valley have a lower 
density than those in the Portland Basin. 
Boring Lava 
After extensive erosion of the Troutdale Formation, 
basaltic flows and minor amounts of pyroclastics, known 
as the Boring Lava (Treasher, 1942}, were erupted from 
vents in the Portland area, forming conical hills (the 
Boring Hills, shown on Figure 2} or broad lava plains 
such as the occurrences shown soutQ of the Clackamas 
River and east of the Sandy River on Figure 2 (Trimble, 
19631. The Boring Lava is a light-gray, pilotaxitic 
to diktytaci tic·, olivine basalt which is commonly 
weathered to a depth of 8 m (25 ftI or more (Trimble, 
19631. In the study area, these volcanics occur 
primarily in the Boring Hills, out also occur at Mt. Tabor, 
Rocky Butte, and Kelly Butte. 
STRUCTURE AND TECTONTCS 
The following section presents a simplified overview 
of the tectonic history of northwest Oregon. This summary 
will not elaborate on current matters of debate, but 
rather will attempt to construct a regional framework 
within which the structure and tectonics in the Portland 
area can be discussed. 
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The oldes:t rocks in northwest Oregon, the Siletz 
River Volcanic Series, are interpreted as ocean ridge 
tholeiites overlain by seamounts on the basis of 
geochemical data (Snavely and others, 1968). In early 
Eocene time, a subduction zone existed just west of the 
present Cascade Range trend (Atwater, 1970; Maxwell, 1974). 
The Siletz River Volcanic Series was probably part of the 
oceanic plate moving towards this subduction zone. 
In middle Eocene time, the subduction zone moved 
abruptly westward possibly because of jamming of the 
subduction zone by seamounts (Perttu, 1976) or by an 
aseismic ridge (Simpson and Cox, 1977}, or because 
of changes in plate motions. A fore-arc basin formed 
near the present Puget-Willamette Lowland behind the 
newly formed coastal mountains. The Tyee and Fluornoy 
Formations were deposited in this basin south of the 
study area. The typically thick-bedded Tyee Formation 
and rhythmically bedded Flournoy Formation (Baldwin, 
1975} have been interpreted as representing continental 
shelf and slope deposits respectively (Perttu and 
Benson, 1980}. The coeval Yamhill-Tyee section in the 
Portland area is much thinner than the Tyee Formation to 
the south, prooaIHy as a consequence of having been 
deposited in an area having less rapid sedimentation. 
During late Eocene time, localized uplift and 
volcanism divided the fore-arc basin into several basins 
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(Snavely and Wagner, 1963}. Marine sedimentation 
continued west of about 123 degrees longitude while 
basaltic and andesitic volcanism occurred east of th~s 
boundary (Snavely and Wagner, 1963I. The Cowlitz-
Nestucca Formation interfingers with the Skamania Volcanic 
Series and Goble Volcanics along this boundary as shown 
in Figure 3. This figure suggests that this sediment-
volcanic boundary existing during deposition of the 
earlier Tyee-Yamhill equivalents as well~ Beck and 
Burr (.1979) suggest that the Skamania Volcanics may 
represent the initial stages of the formation of 
a volcanic arc. 
Recent magnetic studies by Simpson and Cox (1977} 
indicate that the Tyee Formation and the Siletz River 
Volcanic Series are rotated 50 to 70 degrees clockwise 
from the Eocene magnetic field direction. Th.ey postulate 
that rotation began during late Eocene ti.me, possibly as 
the result of back-arc spreading or changes in plate 
motion. 
Late Eocene and Oligocene time seem to have been 
a period of lessened tectonic activity in northwest Oregon. 
Lignitic siltstones and glauconite zones occur in sedi-
ments deposited at this time and the upper unit of the 
Skamania Volcanic Series is undeformed and unaltered. 
Rotation apparently continued at leas·t through Oligocene 
time (Simpson and Cox, 1977; Beck and Burr, 1979). 
During Miocene time, marine deposition shifted 
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westward to approximately the present day shoreline, and 
erosion and deformation produced an uneven surface in th.e 
Portland area onto which middle to late Miocene flood 
basalts flowed (Trimble, 1963). Detailed stratigraphic 
studies of the Columbia Ri.ver Basalt Group in the Portland 
area by Beeson and others (1976} s·h.ow that deformation 
continued as success·ive flows entered the Portland area. 
The development of the Portland Hills· anticline apparently 
prevented all post-Grande Ronde Basalts from crossing its 
axis to the west. The Tualatin and Portland Basins formed 
as gentle synclines adjacent to both sides· of the Portland 
Hills. 
Geomorphic and structural evidence dis.cussed by 
Balsillie and Benson (1971} suggests that the northeast 
side of the Portland Hills ;may be fault bounded. The 
structure, shown in Figure 3 as a normal fault, down to 
the east, has been informally named the Portland H.ills 
Fault. The interpretation of gravity· lines run across the 
structure by Johnson and others Cl976l and Jones· (1977} 
are cons:istent with vertical offsets of about 200 meters 
and 30.0 meters res-pecti vely. Modeling by Johnson and 
others {_1976)_ also suggests the presence of other faults 
east of the Portland Hills Fault. Evidence supporting a 
predominantly right-lateral sense of movement along the 
Portland Hills Fault since Eocene time is described in 
Beeson and others (1976) and Jones (1977). Beeson and 
others (1976) proposed that the Portland Hills formed 
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as a result of slow and continuous right-lateral movement 
along the Portland Hills. Fault. They attribute the sense 
of movement on the fault to a variant of Basin and 
Range extension which may be pushing the southwest 
block north and west past the northeas·t block. Anderson 
(1978) has also found evidence in the Columbia River 
basalt in the Clackamas River drainage suggesting right-
lateral movement. Units overlying the Troutdale 
Formation sh.ow little evidence of deformation (Trimble, 
19 63) • 
GRAVITY 
INTRODUCTION 
Local gravity anomalies are the result of horizontal 
variations in earth material density. To produce an anomaly 
from originally flat-lying strata, there must be a density 
contrast between the layers and the layers must be deformed 
in some way. The magnitude and shape of the anomaly will 
depend on the densities of the materials and the depth 
and geometry of their occurrence (Nettleton, 1971) • 
OBJECTIVES 
Trimble (1963) described the structural geology of 
the Portland area as simple; consisting of broad synclinal 
folds separated by an equally broad anticline with minor 
faulting. Detailed studies in recent years Caeeson and 
others, 1976; Johnson, 1975; Jones, 1977) aided by 
geochemical and geophysical techniques in addition to 
field mapping, have shown considerable complexity in areas 
where sufficient data have been gathered. The extensive 
alluvial cover in the Portland Basin has prevented the 
analysis of the bedrock geology by normal field mapping 
techniques, and the extensive urbanization prohibits the 
use of ground magnetic and seismic methods. Gravity 
surveys on the other hand, can provide valuable 
information in such situations. Using gravity data, 
this study investigates structures in the Columbia River 
basalt, the interface between Eocene to Oligocene 
sedimentary and volcanic rocks, a postulated high 
density intrusion, and Boring Lava occurrences. 
Structures in the Columbia River Basalt 
Identification of faults within the Columbia River 
basalt in the Portland Basin is one of the primary 
objectives of this study. The large density contrast 
between the basalt and the overlying sedimentary rocks 
facilitates this process. As shown on Figure 2, 
20 
most of the Portland Hills Fault lies west of the study 
area, and consequently it was not a prime focus of this 
study. The fault does pass through the southwest corner 
of the study area where detailed data were gathered 
across the fault trace. 
The interpretation of gravity surveys conducted by 
Johnson and others (1976) shows faults having offsets 
on the order of 150 meters east of the Portland Hills 
Fault beneath the Portland Basin. The orientation of 
these faults was assumed to be parallel to the Portland 
Hills Fault trend (N40W) . This study attempts to 
identify other such offsets in the Columbia River basalt 
and determine if any continuous structural trends can 
be identified. 
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Hammond (1971) suggested the possible existence 
of a northeast-trending left-lateral transform fault 
zone referred to as the Yamhill-Bonneville Lineament 
• 
through the Portland Basin. His location of this 
structure is shown on Figure 2. The gravity data will 
be examined to see if any structural expression of this 
zone is reflected in the data. 
The term "Portland Basin" is· an informal name 
given to the syncline underlying East Portland. Figure 4 
is a portion of the "Preliminary Tectonic Map of the 
Greater Portland Area" by Benson and Donovan (1974) which 
shows the configuration of the basin reflected by the 
structure of the Columbia River basalt determined from 
well log data. The gravity data should reflect any major 
deviations from this interpretation. 
Eocene to Oligocene Sediment-Volcanic Interface 
Rocks of the Skamania Volcanic Series crop out north 
and south of the study area suggesting they underlie the 
area as well. Figure 3 shows this interpretation and the 
sharp lateral boundary between the volcanic rocks and the 
contemporaneous sedimentary rocks. The large density 
contrast between the sediments and the volcanics should 
allow the accurate location of this interface. In 
subsequent discussions, this feature will be referred to 
as the "sediment-volcanic interface". Modeling by Johnson 
and others (19761 and Jones (1977) indicates that this 
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interface runs roughly north-south beneath the Portland 
Hills. Data from this study will provide further infor-
mation on the trend of this feature. 
Intrusion 
The Complete Bouguer Gravity Anomaly Map of Oregon 
(Berg and Thiruvathukal, 1967) and the Complete Bouguer 
Gravity Anomaly Map of Washington (Bonini, Hughes, and 
Danes, 1974), excerpted in Figure 5, show a relatively 
smooth and consistent gradient across the Willamette 
Valley and the Puget Lowland which is attributed to 
crustal thickening. This gradient is severely disrupted 
23 
in the Portland area by a closed high centered south of 
Portland which extends northward through ths study area to 
the Columbia River, and a closed low in the Tualatin Valley. 
The gravity high through the Portland Basin is inconsistent 
with the simple synclinal structure indicated by the well 
log data. Previous gravity work by Johnson and others 
(_1976) and Jones (1977) modeled this gravity high as a 
high density intrusion possibly related to the Boring Lavas. 
This study attempts to define the extent of this feature in 
the study area. 
Boring Lava 
A preliminary study of the chemistry of the Boring 
Lava in Beeson and others (_1976) reyealed that different 
chemical types seemed to be grouped geographically. It 
•• • 
• • • • 
• • 
• • 
• 
. 
) 
0 10 20 30 
• 
·~· \ 
• 
24 
l 
I ' 
i \ -· . -
.. '::> . .., . ' YI 
----..........- 'l 
• ! 
e 
• 
• 
. 
I 
I 
• I 
1 ... .I 
;Ji r • f 
. I \" ;  
-~) J~ ·I 
I l 
40 50 KM 
:F'i,gure 5. Complete Bou9uer gravity anomaly map 
of rortland and vicinity, from Berg and Thiruva-
thukal (1967) and Bonini, Hughes and Danes (1974}. 
 
was hypothesized that the structures might control the 
location and chemistry of the Boring Lava vents. North-
west trends (parallel to the Portland Hills Fault) and 
northeast trends (parallel to the Yamhill-Bonneville 
Lineament) of vent locations have been noted by Allen 
(1975) and Beeson and others (1976). The gravity data 
was scanned for offsets between the vents. 
Gravity values over individual Boring Lava vents 
were also gathered to investigate the structure of an 
individual vent. 
GRAVITY SURVEY 
25 
Approximately 750 gravity stations are included in 
this survey. The author measured approximately 350 of 
these stations in the period 1974 to 1976. The following 
previous surveys comprise the remainder of the data set: 
1. Schmela (1971): Gladstone Line, Milwaukie 
Line, Redland Line, and Transmission Line; 
totaling approximately 90 stations. 
2. Cash (unpublished, 1973): areal survey in the 
northern portion of the study area; totaling 
approximately 100 stations. 
3. Johnson, Donovan, and Moran (1976): Kings 
Heights-Albina Line and Sellwood Line; totaling 
approximately 90 stations. 
4. Jones (1977): Oakgrove Line; totaling 
approximately 100 stations. 
The distribution of stations is somewhat uneven, with an 
average spacing of about two stations per square kilo-
meter, which can be compared to the average spacing of 
one station per 70 square kilometers west of 119 
degrees longitude on the Oregon state gravity survey. 
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In the Boring Hills in the southeast corner of the study 
area, coverage is limited because of the lack of 
elevation control and the hilly geography. 
Gravity measurements ih 1974 were made with a 
Worden gravimeter on loan from Z.F. Danes of the Uni-
versity of Puget Sound, and subsequent measurements were 
made with a Worden gravimeter on loan from Oregon State 
University. 
Absolute gravity was transferred from the Portland 
International Airport base station, having a value of 
980648.24 milligals (mgals, lo-3 cm/sec2) to a base 
station at Portland State University (PSU) in 1975, having 
an absolute value of 980641.35 mgals. Data for drift 
corrections were obtained by occupying the PSU base 
station at the beginning and end of each day. Temporary 
field base stations were established in the field each 
day and reoccupied intermittently through.out the day. 
Stations measured by the author in 1974 and by Cash were 
subsequently tied into the PSU base station at several 
27 
points to obtain their absolute gravity values. 
Most stations were located on benchmarks so resulting 
elevation correction errors are negligible. Elevations 
for the 1974 stations were taken from the United States 
Geological Survey (USGS) 7-1/2' quadrangles, consequently 
elevation estimates may be in error by as much as 3 meters, 
resulting in potential elevation correction errors as 
large as 0.6 mgals. These earlier surveys were in 
generally flat terrain so errors should be less than 0.3 
mgals for most stations. Because several different base 
levels are used for benchmark surveys in the Portland 
area, all elevations were adjusted to the USGS 1914 
Base Level. Gravity data from Johnson and others (1976) 
was adjusted to this base level by subtracting 1.38 feet 
from that survey's elevations. The resulting complete 
Bouguer gravity anomaly adjustment was -0.08 mgals. 
DATA REDUCTION 
Free-air, Bouguer, and terrain corrections were 
applied to all observed values, using a density of 
2.67 gm/cm3 for the material between sea level and the 
station elevation. Terrain corrections were calculated 
for 150 stations using Hammer terrain correction charts 
and tables in Dobrin (1976). In relatively flat areas, 
terrain corrections were interpolated between calculated 
stations. Terrain corrections varied from 0.02 mgals 
to a maximum of 4.37 mgals on top of Mt. Scott, with the 
majority of corrections falling between 0.05 mgals and 
0.2 mgals. 
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The theoretical gravity value for each station was 
calculated using the "International Gravity Formula" in 
Dobrin (1976). All of the above corrections with the 
exception of the drift corrections and terrain corrections 
were done using a computer for speed and accuracy. For 
more information on gravity surveys and data reduction, 
see Dobrin (1976) or Nettleton (1971) . 
DATA COMPILATION 
Complete Bouguer Gravity Anomaly Map 
Complete Bouguer anomaly values are obtained by 
subtracting the theoretical gravi.ty value from the 
observed gravity value. These values reflect lateral 
density variations in the earth's crust. The complete 
Bouguer anomaly values in the study are contoured at a 
one mgal interval in Plate l. 
Several features are noteable on th.is map. A 
gravity high is present in the southwest part of the study 
area. The high branches into a north-trending nose and 
a northwest-trending nose, separated by a northwest-
trending linear feature. The linear feature coincides 
with the Portland Hills Fault trend. The northwest-
trending nose of the gravity high is well-defined for 
about 15 ·kilometers in the study area and has an 
amplitude of about 10 mgals. It is centered over the 
Willamette River near Gladstone. The north-trending 
nose is more poorly defined especially in the center of 
the study area, -- but appears to extend from the southern 
boundary of the study area to the northern boundary , 
a distance of nearly 30 kilometers. Because of its 
poor definition, the amplitude of this anomaly is 
difficult to estimate. 
Several other features are also apparent on Plate 
1. The decreasing gravity values in the eastern half 
of the map area reflect the regional gradient evident 
29 
on Figure 5. In opposition to the regional trend, 
gravity decreases northwestward to -45 mgals in the 
northwest corner of the study area, between the Columbia 
and Willamette Rivers. Closed gravity lows occur over 
Mt. Scott and Walters Hill, both Boring Lava centers. 
The downwarping of the Columbia River basalt beneath 
the Portland Basin indicated by well logs is not 
apparent in the gravity data. If the basin were the only 
structural feature affecting the gravity, the gravity 
contours should mirror the structure-contours on top of 
the Columbia River basalt shown in Figure 4. Since this 
is not the case, other structural complexities must 
exist. 
Figure 6 is a comparison of the Complete Bouguer 
Gravity Anomaly Map of Oregon prepared by Berg and Thir-
uvath.ukal (1967) and data from the Complete Bouguer 
Gravity Anomaly Map of the Portland Basin (Plate 1). 
In general, th.e new data is consistent with the s-tate 
map; however, the -20 mgal contour which outlines the_ 
northwest nose of the gravity high extends much 
farther north than indicated on the state map. 
Residual Complete Bouguer Gravity Anomaly Map 
To clarify the Bouguer anomalies caused by 
relatively shallow features, the gravitational effect 
of the east-west crustal thickening was removed from 
30 
Plate 1. This was achieved by measuring the east-west 
distance between each station and an arbitrary longi-
tudinal line near the western edge of the study area, then 
applying the appropriate correction factor. A regional 
gradient of approximately one mgal per kilometer was 
estimated from the Oregon and Washington state Bouguer 
anomaly maps. All values were adjusted to a zero value 
assigned to a station in the northwest corner of the 
study area on this arbitrary line. The values resulting 
from this operation are contoured at a one mgal interval 
on Plate 2, the Residual Complete Bouguer Gravity Anomaly 
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Map of the Portland Basin. Plate 2 also shows the 
locations of the gravity models discussed in the 
following sections and the well locations shown on 
Figure 2. 
The gravity high in the southwest quadrant of the 
study area remains the dominant feature on this map. 
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The linear feature located along the Portland Hills Fault 
trend again divides the gravity high into two noses. The 
removal of the regional gradient accentuates the north-
trending nose which has an amplitude of about 8 mgals. 
The northwest-trending nose of the gravity high remains 
very distinct with an amplitude of about 6 mgals; however 
its northwest-trending axis has shifted slightly 
eastward over Oatfield Hill rather than over the 
Willamette River. The gravity high continues to 
increase south of the study area as shown in Figure 5. 
The decreasing gravity in the northwest portion of 
the study area has also been accentuated by the removal 
of the regional gradient. The state gravity map and data 
from the Newberry Road-Sauvie Island Line by Johnson and 
others (1976), located northwest of the study area, 
indicate that this feature is saddle-shaped and that 
gravity increases again about 5 km to the northwest of 
the 0 mgal isogal on Plate 2. 
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MODELING 
The gravity anomalies shown on Plates 1 and 2 were 
analyzed by modeling four lines. The lines to be modeled 
were located when possible perpendicular to the feature 
to be modeled and through a maximum number of data points. 
Values were taken from the data points rather than from 
the contoured map to assure maximum reliability of the 
data. The modeled lines shown on Plate 2 are designated 
the Columbia Boulevard Line (A-A'), the Stark Street 
Line (B-B'), the Holgate Boulevard Line (C-C'), and the 
Clackamas Highway Line (D-D'). Previously completed 
models included in this report are the Kings Heights-
Albina Line (E-E') and the Sellwood Line CF-F') from 
Johnson and others (1976) and the Oak Grove Line (G-G') 
from Jones (1977). 
Residualized gravity values were used for modeling 
to avoid modeling the thickening crust at depth in each 
model. A correction was applied to the residual gravity 
values to compensate for the difference between 2.67 
gm/crn3 and the actual density of the material above sea 
level. All modeling was done by computer methods 
developed by Talwani and others (19691 with adjustments 
of the programs to operate on PSU's computer by Ansel 
Johnson and Terry Jones (Jones, 1977). The models are 
two-dimensional with_ the. third dimension assumed to be 
infinite. Ideally, the trend of a cross-sectional model 
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should be perpendicular to the s·trike of the feature to 
be modeled; however, some lines cross several features 
having different trends, so some error is inevitable. 
Geologic control for the models is from well logs 
and previous geologic mapping in the Portland area. 
Densities and geologic abbreviations for the units used in 
modeling are shown in Table I. Densities are based on 
data from Bromery and Snavely (1964), R.O. Van Atta 
(personal communication to A. Johnson, 1975), and Z.F. 
Danes (personal communication to A. Johnson, 1975). 
TABLE I 
ST~TIGRAPHIC UNITS USED IN MODELS 
Stratigraphic Unit 
Post-Columbia River Basalt 
Sedimentary Rocks-Portland 
Basin 
Post-Columbia River Basalt 
Sedimentary Rocks-Tualatin 
Valley 
Boring Lava 
Intrusive Rocks 
Columbia River Basalt Group 
Late Eocene to Oligocene 
Sedimentary Rocks 
Skamania Volcanic Series 
Eocene Sedimentary Rock.s 
Siletz River Volcanic Series 
*In one model, 3.1 s!!!lcm3 was 
Density 
~m/cm3 
2.3 
2.0 
2.5 
3.0* 
2.8 
2.4 
2.8 
2.5 
2.8 
used. 
Geologic 
Abbreviation 
QTs1 
QTs 2 
QTb 
QTi 
Tcrb 
Toes 
Tsv 
Tes 
Tsrv 
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The following models represent geologic interpreta-
tions which appear to best fit the gravity data based on 
the existing geologic data. The models are not intended 
to represent unique solutions, but do provide quantitative 
estimates of the densities, sizes, and shapes of features 
interpreted to be causing the anomalies. For ease of 
computation, the shapes of the blocks used in.modeling 
are simplifications of the proposed geologic features. 
For instance the contact between the Skamania Volcanics 
and the Eocene and late Eocene to Oligocene sedimentary 
rocks is shown as a straight line, when in fact, a great 
deal of interfingering undoubtedly occurs as shown in 
Figure 3. 
Each model shows the topography along the line, the 
observed (residualized) gravity, and the computed gravity, 
as well as the final gravity model. The observed gravity 
is shown as a solid line where detailed data is available 
and as a da.shed line where the data source is the state 
map. The locations of deep wells used for stratigraphic 
control are also shown. Many shallower wells were also 
used as control but are not shown. The model used for 
computation extended about 70 km beyond each end of the 
model shown in the text to eliminate end effects. The 
models are drawn at a. 2:1 vertical exaggeration and extend 
about 35 km laterally and 6 km vertically. 
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Columbia Boulevard Line A-A' 
The Columbia Boulevard Line (A-A') parallels the 
Columbia River for about 24 km, from the Willamette River 
eastward across the northern edge of the study area. 
Plate 2 shows the line crossing the gravity low in the 
northwest corner of the study area and the northern 
edge of the north-trending nose of the gravity high. 
rigure 7 and 8, the Columbia Boulevard 1 and 
Columbia Boulevard 2 models respectively, show two 
models which fit the gravity data. The western end of 
the model is located in the ~ortland Hills, which have 
an elevation of about 300 meters in this area. After 
crossing the Willamette River, the topography is very 
flat across East Portland to the east end of the line. 
The observed Bouguer gravity profile shows gravity 
values increasing from a low of -8 mgals at the western 
edge of the profile to 26 mgals near 82nd Avenue. Here 
the profile flattens, then increases gradually to its 
eastern edge. There are no abrupt changes in slope which 
might suggest faulting in the Columbia River basalt. 
This gravity profile does not reflect the synclinal fold 
in the Columbia River basalt which is indicated by well 
logs·, and the broad wavelength of the anomaly suggests 
a deeper feature. 
The model in Figure 7 shows the Columbia River 
basalt (Tcrb) approximately 250 m (800 ft) thick, dipping 
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eastward into the Portland Basin from the Portland Hills. 
At the center of the basin, the top of the basalt is 
located at about -335 m (-1100 ft) elevation as projected 
from the Ladd well (LW) . East of the Ladd well projection, 
the top of the Columbia River basalt slopes gently upward, 
and the basalt thins to 45 m (150 ft) as indicated by the 
Fairview well (FW) • Because of the lack of detailed 
gravity data west of the Willamette River, no offset in 
the Columbia River basalt is shown on the east side of 
the Portland Hills along the trend of the Portland Hills 
Fault. 
The Fairview well (FW) intercepts sedimentary rocks 
interpreted to be late Eocene to Oligocene age (Toes) 
beneath the Columbia River basalt. Their distribution 
east of 82nd Avenue in the model is controlled by the 
slight gravity decrease east of 82nd Avenue and is somewhat 
arbitrary due to the lack of additional wells. 
The increase in gravity from the Portland Hills to 
82nd Avenue may be caused by the thinning of late Eocene 
to Oligocene sedimentary rocks (Toes) and Eocene sedi-
mentary rocks (Tes) against a wedge of Skamania Volcanics 
(Tsv). The large density contrast between these units 
enables an accurate location of the interface from the 
gravity data. It is interesting to note, that models south 
of the Columbia Boulevard Line constructed for this study 
and models constructed for previous studies have all 
located the "sediment-volcanic interface" west of the 
Willamette River beneath the Portland Hills. When 
stratigraphic limits from the Barber well (BW) are 
projected north-northwest along the structural trend 
of the Portland Hills onto A-A', computed gravity 
values are substantially too high. This well 
encountered about 730 m (2400 ft) of late Eocene to 
Oligocene sedimentary rocks and 180 m (600 ft) of Eocene 
sedimentary rocks, placing the top of the Skamania 
Volcanics at about -850 m C-2800 ft) . To accommodate the 
decreasing gravity across the Portland Hills, this model 
shows the thickness of the Eocene sedimentary rocks 
increasing to over 2000 m (6560 ft) . 
The fault on the east side of the Portland Hills 
40 
is not essential for agreement with the observed gravity 
values. Major displacement on the fault is interpreted 
to be right-lateral. The vertical discrepancies in 
stratigraphic thicknesses across the fault could be 
halved and continuous contacts drawn without changing the 
computed values appreciably. The fault is included here as 
a possible structural solution to the apparent displacement 
of the "sediment-volcanic interface" which will be 
discussed later. 
The Columbia Boulevard 2 model shown in Figure 8 
differs from Figure 7 only in that a small intrusive 
41 
body (QTi) lies beneath the Columbia River basalt in the 
vicinity of 82nd Avenue. It is included as an alternate 
interpretation here because intrusions occur in all models 
which cross the north-trending nose of the gravity high 
south of A-A'. Since this line can be modeled without 
an intrusion, this area may be close to the northern extent 
of the intrusive body. 
Stark Street Line B-B' 
The Stark Street Line (~-B'} runs east-west from the 
Willamette River to the Sandy River as shown on Plate 2. 
The line lies south of the gravity low in the northwest 
corner of the study area and north of the northwest-
trending nose of the gravity high, but crosses a broad 
section of the north-trending gravity high. 
Figure 9, 10 and 11 show models for this line. 
With the exception of the Portland Hills and the northern 
flank of Mt. Tabor, shown just west of 82nd Avenue, the 
topography is quite flat. The gravity profile shows 
gravity increasing rapidly from a low of -4 mgals at the 
western edge of the profile to 25 mgals near the Willa-
mette River. Eastward, values continue to increase but 
much more gradually to.Mt. Tabor. East of 82nd Avenue 
values begin to drop slightly, then gradually increase 
again further east. As with the Columbia Boulevard Line, 
the observed gravity profile does not reflect the shallow 
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synclinal structure of the Portland Basin and must be 
the result of a deeper structure. Small changes in 
slope superimposed on the gravity high may reflect 
structures in the Columbia River basalt. 
The Stark Street 1 model, Figure 9, shows a 
simplified model that is consistent with the well log 
and outcrop data. The primary features of the model 
are the Columbia River basalt (Tcrb), 260 m (850 ft) 
thick, anticlinally folded in the Portland Hills and 
synclinally folded beneath the Portland Basin. The 
Columbia River basalt thins on the east limb of the 
syncline as required by the Fairview well (FW) . The 
late Eocene to Oligocene sedimentary rocks thin 
45 
gradually to the east over the Skamania Volcanics (Tsv) , 
pinching out entirely at the Sandy River. The Eocene 
sedimentary rocks thin abruptly to the east against the 
Skamania Volcanics beneath the Portland Hills as inter-
preted in the cross-section by Newton (1969) shown in 
Figure 3. As can be seen in Figure 9, the computer 
gravity values from this model are not in agreement with 
the observed gravity values. A positive residual of 
approximately 6 mgals remains in the 82nd Avenue area, and 
a negative residual of from 5 to 10 mgals remains at the 
western edge of the profile. 
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The location of the positive residual anomaly in 
Figure 9 corresponds to the north-trending gravity high 
on Plate 2. Replacing the late Eocene to Oligocene 
sedimentary rocks with Skamania Volcanics in the vicinity 
of 82nd Avenue did not raise the computed gravity values 
substantially. The Ladd well (LW} requires about 350 m 
(1100 ft} of post-Columbia River Basalt sedimentary rocks 
in the vicinity of the well, consequently increasing the 
thickness of the Columbia River basalt at the expense of 
the overlying sedimentary rocks is not an acceptable 
interpretation for increasing the computed gravity values. 
This positive anomaly must be due to a feature beneath 
the Columbia River basalt which has a density greater 
than 2.8 gm/cm3, the density of the Columbia River basalt 
and the Skamania Volcanics. No wells penetrate the 
Columbia River basalt in this area, so the nature of the 
feature causing the gravity high is speculative. Previous-
ly completed models by Johnson and others (1976) and Jones 
(1977) south of the Stark Street Line which cross the 
gravity high have interpreted the gravity high as an 
intrusion having a density of 3.0 gm/cm3. 
The Stark Street 2 model, shown in Figure 10, succeeds 
in gaining agreement between the computed and observed 
gravity values by incorporating an intrusion. In this 
model, the Columbia River basalt is folded in the Portland 
Hills and under the Portland Basin, and thins to the east 
47 
as in Figure 9. In addition, minor faults having offsets 
ranging from about 30 to 60 meters in the Columbia River 
basalt are shown. The presence of these faults is based 
only on minor variations in the observed gravity data, 
and therefore should be viewed as hypothetical. Well logs 
which intersect the Columbia River basalt in this area are 
too few to substantiate or disprove these structures. 
The dip on all faults is assumed to be vertical. The 
structures shown in the Columbia River basalt form a graben 
structure beneath the Portland Basin with a slight upward 
bowing in the Columbia River basalt beneath Mt. Tabor. 
Because detailed data is not available west of the 
Willamette River, the degree of agreement sought in this 
part of the model is considerably less than in the rest 
of the gravity line. The computed gravity values shown 
in Figure 9 suggest that the "sediment-volcanic interface" 
must be steeper and that the sedimentary wedge must extend 
farther east than shown in that model. The contact shown in 
Figure 10 slopes about 30 degrees and yields computed values 
which roughly agree with the observed values. The strati-
graphic thicknesses at the top of the slope are based on 
projections of the Barber well (BW) data. Adjustments in 
these contacts would allow a closer correlation between 
observed and computed values, however the degree of 
uncertainty in the observed gravity values west of the 
Willamette is as large as these residuals. 
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In the Stark Street 2 model, a sill-shaped intrusion 
(QTi) having a density of 3.0 gm/cm3 is located beneath 
the Columbia River basalt in the center of the line. The 
intrusion is approximately 12,200 m (40,000 ft) wide 
and 730 m (2,400 ft) thick at its thickest point. The 
dimensions of the intrusion are somewhat arbitrary because, 
as with any gravity model, a number of solutions would 
produce agreement. 
After modeling the gravity high with the intrusion, 
a small positive residual remained beneath Mt. Tabor, 
whose northern flank is shown on the topographic profile 
just west of 82nd Avenue. Since Mt. Tabor is a Boring 
Lava vent, a Boring Lava plug having a density of 2.5 
gm/cm3 was included in the model to account for the 
residual. 
To investigate the consequences of varying the 
density of the intrusion, the Stark Street 3 model was 
developed using 3.1 gm/cm3 as the assumed density of 
the intrusion. This model is shown in Figure 11. Other 
parts of the model are identical to Figure 10. This 
density value is considered an upper limit for rock types 
than might occur in this area. As can be seen on the 
model, the general shape of the intrusion is very similar 
to that shown in Figure 10. The primary difference is 
the thickness which decreases to 490 m (1600 ft) , while 
the lateral extent remains the same. 
Holgate Boulevard Line C-C' 
The Holgate Boulevard Line (C-C') runs east-west 
about 3 km souta of the Stark Street Line. As shown 
on Plate 2, it crosses the north-trending nose of the 
gravity high and appears to cross· the Willamette River 
and the Portland Hills north of where the northwest-
trending nose of the gravity high becomes a dominant 
feature. The eastern portion crosses a gentle gravity 
low. 
Figure 12 and 13 show the Holgate Boulevard 1 and 
Holgate Boulevard 2 models respectively. The topography 
is relatively flat along the line except in the Portland 
Hills. Gravity values increase from a low of -5 mgals 
at the western edge of the line to about 30 mgals at the 
Willamette River. From the Willamette River to about 
82nd Avenue, the gravity increases gradually to about 
49 
32 mgals and then decreases to 24 mgals about 7 km east of 
82nd Avenue. Near the eastern edge of the detailed line, 
shown as a solid line on the observed gravity profile, a 3 
mgal increase may represent faulting in the Columbia River 
basalt. 
The Holgate Boulevard 1 model shown in Figure 12 
includes many of the same features shown on the Stark 
Street models. Folds in the Columbia River basalt form 
the Portland Hills and the Portland Basin. The thickness 
of th.e Columbia River basalt decreases from 250 rn (800 ft} 
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beneath the Portland Hills and the western half of the 
Portland Basin to 150 m (500 ft) near the eastern edge 
of the line. The 3 mgal gravity increase approximately 
14 km east of 82nd Avenue is modeled with a vertical 
fault having an offset, up to the east, of approximately 
90 m (300 ft}. Projections between the Fairview (FW) 
52 
and Shiiki (SW} wells define the elevation of the top of 
the Columbia River basalt on the down-dropped side of 
this fault with some accuracy, but no other wells in the 
area aid in further defining this structure, so its 
existence is somewhat questionable. No faulting along 
the Portland Hills Fault trend is necessary to fit the 
gravity data, however, detailed data were not collected 
west of the Willamette River, so faulting along the trend 
is not precluded. 
The "sediment-volcanic interface" is a predominant 
feature on this model as in previous ones. The change in 
slope of the contact occurs beneath the Portland Hills 
with the steeper contact dipping about 13 degrees west. 
An intrusion is again necessary to account for the 
amplitude of the gravity high near the center of the line. 
In this model, the intrusion is larger than the intrusion 
in the Stark Street Line, having an average width of about 
13,400 m (44,000 ft) and an average thickness of 1,340 m 
(4, 400 ft). 
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Figure 13 shows the Holgate Boulevard 2 model. In 
this model, the shape of the intrusion is simplified giving 
it a more uniform thickness. To offset the added mass in 
the western part of the intrusion, a vertical fault dis-
places the Columbia River basalt 90 m (300 ft} down to 
the east. This fault is not substantiated or disproved 
by the existing well log data, so either model is 
acceptable. 
Clackamas Highway Line D-D' 
The southernmost line modeled for this study is the 
Clackamas Highway Line (D-D') which runs roughly east-west 
near the southern boundary of the study area. As shown 
on ~late 2, this traverse crosses both the north- and 
northwest-trending noses of the gravity high and the 
steep gradient across the Portland Hills Fault trend 
which separates the noses. Gravity values decrease to 
the eastern edge of the line. 
Figure 14 shows the Clackamas Highway model. The 
model begins west of the Portland Hills, crosses the 
Willamette River, Oatfield Hill, and 82nd Avenue, then 
crosses the Boring Hills. Although the Portland Hills 
are more subdued than in traverses further to the north, 
the topography along the rest of the line is much more 
variable than on previous lines. 
The gravity profile shows values increasing very 
rapidly from 13 mgals at the western boundary to 40 mgals 
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near the Willamette River. Values remain relatively 
constant to the eastern slope of Oatfield Hill, then 
begin to decrease gradually. Near Damascus a 3 mgal 
positive anomaly disrupts the decreasing gravity trend; 
however to the east of this feature values continue to 
decrease. 
South of the line, the Gladstone well (GW} 
penetrates 180 m (590 ft) of Columbia River basalt 
before intercepting older rocks. This thickness is 
maintained in Figure 14 across the gentle anticlinal 
fold in the Portland Hills and the gentle syncline 
beneath the Portland Basin. Wells along this line 
55 
indicate very shallow depths to the top of the basalt in 
comparison to areas further north as illustrated in this 
model. Faults offset the Columbia River basalt on both 
sides of Oatfield Hill. The locations of these faults 
are based on the detailed field mapping and geochemical 
correlations described in Beeson and others (1976). 
Figure 14 models the fault on ~~e west side of Oatfield 
Hill, named the Oak Grove Fault by Beeson and others (1976), 
with an offset of 60 m (200 ft), down to the west. The 
fault on the east side of Oatfield Hill is correlated with 
the Portland Hills Fault and is modeled with an offset of 
120 m (.400 ft) , down to the east. The vertical location 
of the Columbia River basalt east of the Portland Hills 
56 
Fault is controlled by the Union High. School well (UW). 
Beeson and others (19761 suggest offsets· on the Portland 
Hills Fault of up to 200 m (650 ft1. Jones (19771 
modeled this feature just north of D-D' with 300 m 
(980 ftl of vertica~ offset. 
The "sediment-volcanic interface" is shown at 
the western edge of the Clackamas Highway model. It 
occurs beneath the Portland Hills and slopes about 
11 degrees to the west. 
The Gladstone well (GW} indicates that late 
Eocene to Oligocene_ sedimentary rocks (Toes). are 
present beneath the Columbia River basalt. They are 
modeled 30 to 60 m (.100 to 200 ftl thick from the 
Portland Hills through the basin to the projected 
location of the Shiiki well (SW) • The continuing 
decline in gravity values in the eastern part of the 
line is modeled as a basin filled with late Eocene to 
Oligocene sedimentary rocks. Wells in this area 
intersect the top of the Columbia River basalt near sea 
level, so the cause of the declining gravity is beneath 
the Columbia River basalt and the material must have a 
density less than 2.8 gm/cm3. No wells penetrate the 
base of the Columbia Rive;r basalt i.n this area to 
clarify the nature of this· material. 
The gravity high centered beneath Oatfield Hill is 
modeled with an intrusion having a density of 3.0 gm/cm3 
57 
as in previous models. As seen on Plate 2, the Clackamas 
Highway Line (D-D'l crosses both the north and northwest 
trends of the gravity high. The gradient across the 
Portland Hills Fault trend is greater than can be accounted 
for by the down-faulting of the Columbia River basalt. To 
satisfy the remaining anomaly, the intrusion is thicker 
west of the Portland Hills Fault than east of it. The 
thickness in the western part is about 2300 m (7600 ft) 
and in the eastern part about 1500 m (_5000 ft). The total 
lateral extent is about 15,200 m (50,000 ft). In 
comparison to previous models, the intrusion is both 
thicker and wider. 
PREVIOUS MODELS 
Three additional gravity models which are partially 
located within the study area are included here. They 
include the Kings Heights-Albina Line (E-E') and the 
Sellwood Line (F-F') by Johnson and others (_19761 and the 
Oak Grove Line (_G-G'} from Jones (1977). These models 
were developed independently from t..l-ie models developed 
for this study. The locations of these lines are shown 
on Plate 2. A brief description of these models follows. 
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Kings Heights-Albina Line, E-E' 
Figure 15 shows the Kings Heights-Albina Line (E-E') 
topography, gravity profile, and two models. The predomi-
nant feature on the gravity profile is the broad gravity 
high east of the Tualatin Mountains (Portland Hills}. 
Model A shows nearly 500 m of off set on the Portland Hills 
Fault and 180 m of offset on a fault 2700 m to the east 
in the nearly flat Columbia River basalt (CRB). Model B, 
which is preferred by the authors, shows offsets of 150 m 
on both faults in dipping Columbia River basalt. Both 
models show the "sediment-volcanic interface" beneat_h the 
Portland Hills. No intrusion is necessary in this model. 
Sellwood Line, F-F' 
Figure 16 shows the topography, gravity profile, 
and model for the Sellwood Line (F-F'). The predominant 
feature on the gravity profile is the narrow gravity high 
centered over the Willamette River. The model shows the 
"sediment-volcanic interface" at the eastern edge of the 
Portland Hills. The narrow gravity high is modeled with an 
intrusion located directly beneath the Columbia River 
basalt, having a density of 3.0 gm/cm3 • It is approximately 
1500 m wide and 2800 m thick. A possible fault is shown 
on the east side of the intrusion, because of the sharp 
slope on the east side of the gravity high, which requires 
a near surface density discontinuity. 
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Oak Grove Line, G-G' 
Figure 17 shows the topography, gravity profile, 
and model of the Oak Grove Line (G-G'). The predominant 
features of the gravity profile are the broad gravity 
high across most of the profile and the abrupt gravity 
decrease east of Oatfield Hill along the Portland Hills 
Fault trend. The model shows an offset of 300 m down 
to the east along the Portland Hills Fault in the 
Columbia River basalt. Another fault farther to the 
east, offsets the Columbia River basalt 50 m down to 
61 
the west. The ''sediment-volcanic interface" occurs under 
the Tualatin River. The broad gravity high is modeled as 
an intrusion having a density of 3.0 gm/cm3. In the 
model, the Portland Hills Fault divides this intrusion 
into a thicker western portion (1350 m) and a thinner 
eastern portion lllOO m) . The combined width of the 
intrusions is approximately 17,000 m. 
AREAL COMPILATION OF GRAVITY MODELS 
The models previously discussed have many features in 
common. Features which occur in several models include: 
1. Structures in the Columbia River basalt 
2. An Eocene to Oligocene "sediment-volcanic 
interface" 
3. A high density intrusion. 
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Characteristics of these features from each model are 
plotted on Figure 18. 
Structures in the Columbia River basalt 
One of the primary objectives of this study was 
63 
to provide additional information on structures in the 
Portland Basin in the Columbia River basalt. Unfor-
tunately, the intrusion centered over the basin tends to 
obscure structures in the Columbia River basalt which 
would be reflected in the gravity. The position of the 
top of the Columbia River basalt for modelin~ purposes is 
based on well log data in the area. In no instance did 
the gravity data contradict a well controlled depth to 
the Columbia River basalt. All gravity models depict 
synclines with very broad bottoms beneath the Portland 
Basin. The approximate axial trend of the syncline, 
shown on Figure 18, r'oughly parallels the Portland Hills 
trend and plunges northward. 
Vertical faulting in the Columbia River basalt is 
modeled at abrupt, small wavelength, changes in gravity 
values. These faults are plotted on Figure 18 as short, 
heavy lines. With the exception of the faults located 
along the Portland Hills Fault (PHF) trend, the faults 
do not appear to define any continuous trends. Except 
for the Clackamas Highway Line, offsets on the Portland 
Hills Fault are not included in models developed for 
this study, although they may exist. Gravity values from 
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65 
the Complete Bouguer Gravity Anomaly Map of Oregon 
(Berg and Thiruvathukal, 1967) us·ed to extend the gravity 
lines west of the Willamette River did not require offsets 
in the Columbia River basalt. All faults on the west 
limb of the syncline, except for one fault on the Oak 
Grove Line, have offsets which are down to the east and 
the reverse is true on the east limb of the syncline. 
Offsets range from 30 m to 300 m. 
Eocene to Oligocene "sediment-volcanic interface 0 
Near the western edge of each line, gravity values 
decrease abruptly. This has been modeled by thinning the 
Eocene sedimentary rocks and late Eocene to Oligocene 
sedimentary rocks against the Skamania Volcanics. This 
contact has been named the "sediment-volcanic interface''. 
Where the gravity values begin to decrease, the dip of 
the modeled interface changes from nearly flat to 11 to 
30 degrees to the west. The location of the change in 
slope of the sediment-volcanic interface from each model 
is plotted on Figure 18 as a hatchured zone. The location 
of the "sediment-volcanic interface" from the Sellwood 
Line (F-F') has been adjusted westward as shown by the 
arrow in Figure 18. It appears that if the data from this 
study had been available when the Sellwood Line was 
modeled, gravity values west of the western end of the 
line would have been higher than th.e values derived from 
the Complete Bouguer Gravity Anomaly Map of Oregon (Berg 
and Thiruvathukal, 1967). These contours were developed 
from very few data points in the Portland Hills so the 
position of the contours could vary, which would effect 
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the modeled position of the "sediment-volcanic interface". 
The fact that the interface locations on the Kings Heights-
Albina Line (E-E') and the Oak Grove Line (G-G') are 
based on detailed data and coincide with the north-north-
west trend defined by- the other models increases th_e probable 
reliability. Data from the Barber well (BW) suggests that 
the well is located east of the change in slope of the 
"sediment-volcanic interface" (see Figure 3}. This would 
necessitate changing the trend to northwesterly north of 
the Stark Street Line (B-B'}. These uncertainties- and 
variations illustrate that the trend and location of the 
"sediment-volcanic interface", shown on Figure 18, is 
approximate. 
Intrusion 
On Figure 18, a heavy line encircles the modeled 
extent of the intrusion. The interior contours are 0.5 
km isopachs illustrating the thickness of the intrusion. 
Only models using an intrusion density of 3.0 gm/cm3 were 
used as data sources. This outline corresponds very 
closely with_ the gravity high. 
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The contours shown in Figure 18 violate two data 
points. The Sellwood Line (F-F'l model does not extend the 
intrus·ion as far to the east or west as in other models. 
The detailed portion of this line is about 3 km long and 
ends between the north- and northwest-trending lobes of 
the gravity high on the east, as shown on Plate 2. 
Extending the line from the Complete Bouguer Gravity 
Anomaly Map of Oregon (Berg and Thiruvathukal, 1967) would 
show no increase in gravity values, as shown in Figure 16, 
and consequently, no in.trusion was necessary east of the 
east end of the line. If the data on Plate 2 had been 
available at the time of modeling, it appears that the 
intrusion would extend farther east than shown on Figure 
16. Similar circumstances occur on the west end of the 
line. 
A discrepancy also exists between the thickness of 
the intrusion in the Oak Grove Line and the Clackamas 
Highway Line models. The Oak Grove Line intrusion is 
approximately 400 m thinner east of the Portland Hills 
Fault and 1000 m thinner west of the Portland Hills Fault. 
The majority of the discrepancy is due to a different 
interpretation on the amount of offset on the Portland Hills 
Fault. Jones interprets 300 m of offset on the Portland 
Hills Fault which juxtaposes about 200 m of channel fill, 
having a density of 2.2 grn/cm3 against the intrusion, 
having a density of 3.0 grn/crn3. The author interprets 
only 120 m of offset on the Portland Hills Fault and 
accounts for the remainder of the gravity difference 
by thickening the intrusion which juxtaposes 800 m of 
Skamania Volcanics, density 2.8 gm/cm3 against the 
intrusion. Values for the Clackamas Highway Line are 
used in Figure 18. 
Despite these discrepancies, this composite view 
of the intrusion illustrates the general shape of the 
proposed feature. The east-west lateral extent remains 
quite constant throughout the study area at about 14 km. 
The northern boundary forms a blunt nose along the 
Columbia Boulevard Line (A-A'). The southern boundary 
lies south of the study area. The Complete Bouguer 
Gravity Anomaly Map of Oregon (Berg and Thiruvathukal, 
1967) shows the gravity high centered about 15 km south 
of the study area in the vicinity of Highland Butte. 
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The modeled intrusion is shaped like a sill with 
the thickness to width ratio increasing from 0.04 at the 
Stark Street Line (B-B') to 0.10 along the Clackamas 
Highway Line (D-D'). Another characteristic of the 
intrusion shown in all models is the abrupt we.stern edge 
as opposed to the gradual thinning on the eastern edge. 
The abruptness of the western edge may indicate 
structural control. 
Mt. Scott 
A different method of modeling was attempted over 
Mt. Scott, a Boring Lava vent. Gravity values were 
measured across the vent where good elevation 
control was available. The gravitational effect of 
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Mt. Scott was calculated using various densities. The 
results of these calculations, with the regional gradient 
removed, are shown with the topography across the vent in 
Figure 19. Since no one density produces a flat line in 
Figure 19, the density of the material probably varies 
across the vent. The top of Mt. Scott appears to have the 
lowest density, while the flanks are denser. The lower 
densities near the vent may represent brecciation or an 
abundance of cindery material. More data across other 
Boring Lava vents is needed to determine if this is a 
conunon characteristic of other Boring Lava vents. In 
many vent areas, Allen (1975) found resistant plugs of 
massive lava surrounded by outward dipping layers of 
cinders, which would produce the opposite density 
profile of that shown on Figure 19. 
GEOLOGIC IMPLICATIONS OF THE GRAVITY MODELS 
The gravity- models from this study and previous 
studies and their compilation in Figure 18 suggest many 
questions about th_e geologic history of the Portland area. 
Although these models can not resolve these questions, 
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Figure 19. Mt. Scott topogr~phy and density 
profile. Densities in gm/cm . 
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they do provide some alternative possibilities and 
illustrate some limiting factors under which the 
various alternatives must be explained. Questions 
concerning structures in the Columbia River basalt, 
the origin and development of the "sediment-volcanic 
interface", the relationship of the intrusion to the 
surrounding rock types, and movements on the Portland 
Hills Fault are discussed in the following section. 
Structures in the Columbia River basalt 
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Few significant structures in the Columbia River 
basalt beneath the Portland Basin were identified in this 
study. The offsets identified and shown on Figure 18 
form a general pattern of a graben beneath the Portland 
Basin, trending north-northwest. Allen (1975) points out 
that many volcanic fields around the world are formed in 
grabens and suggests that the Boring volcanoes might be 
related to this type of deformation. 
Since the Boring Lava was erupted through the 
Columbia River basalt, Beeson and others (1976) and 
Allen (1975) hypothesized that vent locations might be 
controlled by fractures or faults in the Columbia River 
basalt. One of the most prominent vent alignments 
suggested by Allen was along the Yamhill-Bonneville 
Lineament discussed in Hammond (.1971) and located on 
Figure 2. Hammond described t~e structure as a wide 
zone of east-northeast-trending ~ echelon faults 
having a maximum left-lateral separation across the zone 
of 40 km (25 miles) in as little as the past 8 million 
years. In the study area, th_e lineament is described 
as a broad rectilinear fracture zone which might have 
allowed the upward migration of Boring Lava at 
fracture intersections. These trends are not reflected 
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in the gravity values, however such a fracture system need 
not have appreciable vertical offsets, which are 
necessary for detection by gravity methods. 
If considerable left-lateral movement on the 
lineament has occurred, offsets of the Portland Hills 
Fault, the intrusion, and the "sediment-volcanic interface" 
should be reflected in the gravity data. The observed 
gravity values do not indicate these displacements. 
Eocene to Oligocene "Sediment-Volcanic Interface" 
The geometry of the Eocene to Oligocene "sediment-
volcanic interface" has been interpreted in various ways 
in the past. Beeson and others (1976) represented the 
Skamania Volcanics in schematic illustrations as a ridge 
of volcanics, interfingering on either side with adjacent 
sediments. Jones (1977) interpreted the feature in a like 
manner as he proposed that the intrusion assimilated the 
material in a sedimentary basin, adjacent to and east of 
the volcanics. If th_e modeled intrusions did not 
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assimilate sedimentary material, the gravity models 
portray the Skamania Volcanics with a steep western slope 
and a broad, flat top extending through th_e study area. 
The outcrop pattern in Washington, shown in Figure 2, also 
suggests a broad feature. 
The alignment of the hatchured zones in Figure 18 
suggests that the change in slope of th_e "sediment-
volcanic interface" may be structurally controlled. 
Beck and Burr (1979} proposed that the Skamania Volcanics 
may represent the initial stages of a volcanic arc, which 
are characteristically linear. The volcanism might have 
been controlled by a remnant suture zone left when the 
subduction zone moved westward in Eocene time. If the 
"sediment-volcanic interface" is a linear feature, the 
occurrence on the Columbia Boulevard Line (A-A') requires 
tectonic displacement, which will be discussed later. 
As an alternative, the linearity shown on Figure 18 
may not be representative of the entire feature. Late 
Eocene through Oligocene time was dominated by localized 
volcanic centers, separated by basins (Snavely and 
Wagner, 1963). The zone shown west of the Portland Hills 
Fault (PHFl in Figure 18 and the location on the Columbia 
Boulevard Line may reflect isolated volcanic centers 
-rather than a continuous linear feature. 
Intrusion 
The gravity models in this study and previous 
studies have established a connection between the 
gravity high and the modeled intrusion. The Complete 
Bouguer Gravity Anomaly Map of Oregon (Berg and Thiru-
vathukal, 1967), Figure 5, shows that the gravity high 
continues to increase south of the study area and is 
centered near Highland Butte {_HB on Figure 2} . This 
area is a major Boring Lava center as shown on Figure 
2, and consequently Beeson and others (1976) and Jones 
(1977} hypothesized that the intrusion was related to 
the Boring Lava occurrences. Beeson (1976} also relates 
the formation of graben structures in units as young as 
the Troutdale Formation in the Portland area to the 
withdrawal of Boring magma from near surface chambers 
and channels to the location of the modeled intrusion. 
This interpretation also suggests that the intrusion is 
~elated to the Boring Lavas. 
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The relationship between the modeled intrusion and 
Boring Lava occurrences is shown on Figure 20. The extent 
of the intrusion west of the Portland Hills Fault is 
unknown at this time, but it was not required in the Kings 
Heights-Albina Line (E-E'} (Johnson and others, 1976). 
The distance of some of the vents from the intrusion does 
not preclude the possibility that the intrusion may be 
the source of the Boring Lava, because mafic magma should 
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be fluid enough to travel long distances through 
fractured or jointed rocks. 
The abrupt western edge of the modeled intrusion 
suggests structural control. The intrusion may have 
followed a pre-existing structural weakness in the 
Skamania Volcanics. Jones (1977) hypothesized that 
the location of the intrusion was controlled by an 
ancient sedimentary basin adjacent to the Skamania 
Volcanics. He argues that the sediments would be 
more easily assimilated or displaced by the magma. 
This possibility does not explain the modeled abrupt 
west boundary of the intrusion, and it is doubtful 
that if assimilation had occurred, a density of 3.0 
gm/cm3 would still have been possible. 
As an alternative hypothesis, the intrusion may 
have been part of the Skamania Volcanics. The dense 
material may represent a more slowly cooled core in the 
volcanic terrain. All models locate the intrusion 
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within the Skamania Volcanics which supports this hypo-
thesis. The sill-like geometry of the intrusion however 
does not correspond with the idealized shape of a 
volcanic core, which would be more dike-like or equi-
dimensional. The proximal relationship between the Boring 
Lava and the intrusion could be explained by the intrusion 
of the Boring magma along the same structure or weakness 
77 
zone that controlled the intrusion. If the intrusion is 
older than the Boring Lavas, the Boring magma would be 
more likely to move around the periphery of the intrusion 
rather than through it. Both north and south of the study 
area, exposures of Boring Lava and Skamania Volcanics 
occur in very close proximity with_ one another. 
These tw6 hypotheses provide two options for the 
time of emplacement of the intrusion; either about 
35 m.y.b.p. (Beck and Burr, 1979) or 1 to 10 m.y.b.p. 
(Trimble, 1963), associated with the Boring Lavas. 
Movement on the Portland Hills Fault 
Modeling by· Johnson and others (1976) and Jones 
(1977) was consistent with vertical offsets, down to 
the east, along the Portland Hills Fault. The model 
for the only line which was surveyed in detail across 
the fault in this study (Clackamas Highway Line) is 
consistent with vertical faulting. Beeson and others 
(1976) also postulated right-lateral movernent along this 
zone in order to produce the sub-parallel en echelon 
folds of the Portland Hills. This sense of movement is 
also consistent with focal mechanism solutions from 
earthquakes in northwestern Oregon (Cash, 1974) . Right-
lateral movement along the Portland Hills Fault is a 
possible explanation for some of the structural compli-
cations encountered during this study. 
If the "sediment-volcanic interface" formed as a 
continuous linear feature, then its position along the 
Columbia Boulevard Line (A-A') must be due to tectonic 
dis,place.meni::.. Figure 21 schematically illustrates the 
situation if the displacement was the result of 
right-lateral movement along the Portland Hills Fault. 
If the trend of the "sediment-volcanic interface" is 
approximately N 10 W, as indicated in Figure 18, and the 
Portland Hills Fault trends approximately N 35 W, then 
the amount of right-lateral off set along the Portland 
Hills Fault necessary to bring the interface to the 
modeled position along the Columbia Boulevard Line would 
be about 22 km. The "sediment-volcanic interface" on 
the Columbia Boulevard Line is presumed to parallel the 
"sediment-volcanic interface" west of the Portland Hills 
Fault. If the trend of the interface increases to 
N 20 W, the amount of offset increases to approximately 
50 km. In both cases, the movement would be post-
Oligocene. Using the outcrop distribution of the 
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Skamania Volcanics in Washington and Oregon, Beeson and 
others (1976) postulated right-lateral displacement along 
the Portland Hills Fault of up to 40 km. They also 
interpreted of~sets in Bouguer anomaly contours suggesting 
approximately 30 km of right-lateral displacement. 
• • • • -• • • 
0 
•.
Stark St . 
• 
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Figure 21. Schematic illustration of right-lateral 
offset on the Portland Hills Fault. Abbreviations: 
CI = center of intrusion; PHF = Portland Hills 
Fault; SVI = "sediment-volcanic interface". 
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If the "sediment-volcanic interface" is assumed to 
trend N 10 W, the interse.ction of the trend from the 
Columbia Boulevard Line and the Portland Hills Fault occurs 
at the intersection of the north-trending gravity high 
and the Portland Hills Fault on Plate 2. Since the gravity 
high reflects the intrusion, it is possible. that the 
"sediment-volcanic interface" may have controlled the 
position of the intrusion. 
The approximate locations of the gravity models 
developed for this study are also shown on Figure 21. 
The displacement of the "sediment-volcanic interface" 
along the Portland Hills Fault would juxtapose different 
parts of the volcanic terrain. For instance, the Stark 
Street Line should cross two changes in slope of the 
"sediment-volcanic interface". This is not reflected in 
the models (Figures 10 and 11) constructed for this 
line. The occurrence of the intrusion in this area might 
mask the increasing sediment thickness predicted by 
Figure 21.· The sediment wedge between the eastern 
"sediment-volcanic interface" and the Portland Hills 
Fault would decrease in thickness southward. South of 
the Clackamas Highway Line, the thickness of volcanic 
rocks on either side of the fault would be the same. 
Alternatively, the location of the "sediment-volcanic 
interface" on the Columbia Boulevard Line would be due to 
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different amounts of rotation between small crustal blocks 
or to right-lateral displacement along an east-west-
trending fault between the Columbia Boulevard Line and 
the Stark Street Line. Also as discussed earlier, the 
"sediment-volcanic interface" may not be a continuous 
linear feature, in which case no displacement would be 
required. 
Because other evidence in Beeson and others (1976) 
and Anderson (1978) supports right-lateral movement along 
the Portland Hills Fault, the author prefers this 
interpretation. Consequently, the Columbia Boulevard 
models shown in Figures 7 and 8 show a right-lateral 
fault along the Portland Hills Fault trend. 
The strongest expression of the Portland Hills Fault 
on Plate 2 occurs in the southwest corner of the study 
area. The Clackamas Highway model, shown in Figure 14, 
proposed that the majority of the gravity increase across 
the fault was due to thickening the intrusion west of the 
fault to 2300 m in comparison to a thickness of 1500 m east 
of the fault. The juxtaposition of the different intru-
sive thicknesses could be due to right-lateral movement 
along the Portland Hills Fault. The line of dots in 
Figure 21 represents the approximate center locations of 
the intrusions. The amount of right-lateral separation on 
the Portland Hills Fault between the two segments is about 
10 km. With the center of the intrusion located south of 
the study area, the occurrence of the thinner sill east 
of the fault would be what one would expect, as it would 
have originally been located farther north. 
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If the intrus-ion is an integral part of the Skamania 
Volcanics, the displacement would have to occur within 
about the last 35 million years; a movement rate of 
0.03 cm/yr. If the intrusion is related to the Boring Lavas, 
the movement would have to occur within the last 1 to 10 
million years, requiring a rate of movement from 1 cm/yr 
to 0.1 cm/yr. No offsets along the Portland Hills Fault 
trend have been found in units younger than the Columbia 
River basalt. Rates of movements on the order of 0.1 cm/yr 
might be concealed by rapid weathering, but rates approaching 
1 cm/yr should be apparent. 
The variable thicknesses of the intrusion across the 
Portland Hills Fault can be explained without right-lateral 
movement on the fault after the emplacement of the intrusion. 
The Portland Hills Fault could act as a restraining boundary 
for the movement of the magma. It may have diverted much 
of the magma to the northwest-trending nose and allowed a 
lesser amount through to form the thinner north-trending 
nose. As another alternative, prior movement along the 
Portland Hills Fault might have juxtaposed host rocks having 
different transmissabilities which would affect the 
distribution of the magma. 
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Although the interpretation of the gravity models 
has not resulted in a definitive assessment of the amount 
of right-lateral movement which has occurred along the 
Portland Hills Fault, it has provided some guidelines. 
Reasonable amounts of movement in the last 35 million 
years range from 10 km to 50 km, while the amount of 
movement in the last 10 million years should be less 
than 10 km. 
REGIONAL IMPLICATIONS 
The geologic features shown in the models developed 
for this study do not require the reinterpretation of any 
regional structures. The northwest-trending syncline with 
associated vertical offsets in the Columbia River basalt 
beneath the Portland Basin, and the right-lateral, as 
well as vertical movement along the Portland Hills Fault 
are consistent with regional stress patterns. The 
existence of an intrusion, whether genetically associated 
with the Skamania Volcanics or the Boring Lava, is not 
unusual in an area of such extensive volcanism. 
CONCLUSIONS 
The gravity survey and structural interpretation of 
the Portland Basin completed for this study have resulted 
in a better definition of several proposed geologic 
features beneath the Columbia River basalt, but did not 
provide as much information on structures within the 
basalt as had been anticipated. The Complete Bouguer 
Gravity Anomaly Map of the Portland Basin, based on about 
750 gravity stations, is consistent with the Complete 
Bouguer Gravity Anomaly Map of Oregon by Berg and 
Thiruvathukal (1967) . The gravity map of the Portland 
Basin shows a strong decreasing gravity trend from west 
to east across the study area which is attributed to 
crustal thickening. Other features which are prominent 
are gravity highes, trending north and northwest, a sharp 
decreasing gradient from west to east across the trend of 
the Portland Hills Fault, and a gravity low in the north-
west corner of the study area. Westward extensions of 
the gravity data from the Complete Bouguer Gravity Anomaly 
Map of Oregon show rapidly decreasing gravity west of the 
study· area. There is no expression in the gravity values 
of the syncline in th.e Columbia River basalt defined by 
well log data. 
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Gravity modeling interpreted the gravity highs as 
a sill-shaped intrusion, having a dens-ity of 3.0 gm/cm3. 
The intrusion west of the Portland Hills Fault related to 
the northwest-trending gravity high is substantially 
thicker than the intrusion east of the Portland Hills 
Fault related to the north-trending gravity high. The 
extent of the intrusion west of the fault is unknown, 
while the intrusion east of the fault appears to extend 
nearly to the northern boundary of the study area. 
Increasing gravity south of the study area suggests that 
the intrusion is probably_ centered in that area. These 
intrusions may be related to the Boring Lavas or the 
Skamania Volcanic Series. 
The sharp gravity gradient across the Portland Hills 
Fault trend in the southwest corner of the study area was 
interpreted as 120 m (400 ft) of offset in the Columbia 
River basalt, with the remainder of the anomaly 
accounted for by thickening of the intrusion west of the 
fault. Vertical offsets along the Portland Hills Fault 
trend are not incl~ded in other models developed for this 
study due to a lack of detailed data. 
The· decreasing gravity west of the study area was 
modeled as- a westward sloping interface between Eocene 
sedimentary rocks and late Eocene to Oligocene sedimentary 
rocks and volcanic rocks of the Skamania Volcanic Series 
and the Siletz River Volcanic Series.. The locations of 
this feature, named the .-sediment-volcanic interface" 
on the models formed a north~northwest trend roughly 
beneath the Portland Hills. 
The gravity low in the northwest corner of the 
study area required a thickness of sediments east of 
the Portland Kills greater than predicted by projections 
of the available well log data. 
Righ..t-lateral movement along the ~ortland Hills 
Fault was proposed as a possible explanation for the 
increased sediment thickness in the northwest corner of 
the study area and for the varying intrusive thicknesses 
across the fault in the southwest corner of the study 
area. 
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Although the north-trending gravity high and 
associated intrusion tended to obscure sh.allower features, 
modeling the structure of the Columbia River basalt as 
a flat-bottomed syncline as indicated by the well log data 
was consistent with the gravity data. Minor faulting on 
the east and west limbs of the syncline, indicated by 
small wavelength changes in gravity values, produced a 
graben-like structure beneath the Portland Basin. 
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